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INTRODUCTION
Some methods that stimulate germination of western larch Larix
occidentalis

Nutt, seed need to be found.

Laboratory tests (44) to

determine seed viability have shown that untreated western larch seed
will continue germinating for as much as four months without reaching
its full germinative capacity.^

Using this lengthy a period to deter

mine seed viability is impracticable.

Field tests using spring-sown

larch seed have shown that germination continues slowly throughout the
entire summer season (53)#

Seedlings that develop from slowly germin

ating seeds have a poor survival percentage (8).
The primary objective of this study was to find methods of
inducing rapid and complete germination of western larch seed.

Germinative capacity is defined as the percent of seeds, in a
given seed lot, capable of germinating, irrespective of time.
—1—

GENERAL LITERATURE SURVEY
There is an abundance of literature concerning seed germination,
some of it dating back for centuries*

Much of it has little or no

application to this particular study; however, some of the literature
gives the basic background of seed experimentation.

Other literature

cites specific experiments that give some insight into similar problems
with other genera or species.
Germination
It is perhaps well to define what is meant by germination.
"Germination," described by Baldwin (6), "is the resumption of growth
by the embryo plant which has lain dormant in the seed."

Germination,

as described by Tourney and Stevens (52), is the protrusion of the
radicle beyond the seedcoat.
With any germination test, one can reasonably expect a certain
percentage of false or abnormal germinates.

Abnormal germinates are

described in the Woody Plant Seed Manual (4) as seedlings that emerge
from the seedcoat cotyledons first.

They are considered abnormal since

they usually fail to develop normally.

The term "false" and "abnormal"

germination are sometimes used synonymously.

Baldwin (6) makes a

slight differentiation in that he implies "false" germination is that
case

in which a dead seed imbibes enough water to burst the seedcoat

and appears to be germinating.

In certain instances, dead seeds can
—2—

—3—
sometimes swell and actually have a short, protruding radicle.

Other

types of abnormalities occur in germination but their numbers usually
are negligible.
Seed dormancy
Seeds that are perfectly sound and uninjured sometimes fail to
germinate even when conditions of temperature, moisture, oxygen, and
light are suitable.

Such seeds are called "dormant". Dormancy occurs

in seeds even when they are in their natural environment.

In this

case, special treatment is needed to induce and hasten germination.
Generally, seeds of most tree species germinate satisfactorily
under natural conditions in the forest.

In this environment, the

seeds are exposed to the elements of cold, moisture, light, and fluctu
ating temperatures.
Causes of dormancy have been classified by many different
authors.

The main causes of dormancy have been described in the Woody

Plant Seed Manual (4) in this manner:

First, an impermeable or hard

seedcoat which prevents water and oxygen from reaching the embryo or in
some cases prevents the embryo from breaking through the seedcoat even
though water has been able to penetrate; and Second, conditions of the
embryo or chemical make-up of stored food within the seed which prevent
germination.
In a very good breakdown of the types of dormancy, Crocker (19)
lists them in the following manner:
1.

Immature embryos that %iust complete their development before
germination can begin.

2.

Seedcoats that prevent absorption of water.

-43*

Seedcoats that stop the expansion of the seed contents.

4.

Seedcoats impermeable to gas exchange.

5.

Seeds needing after-ripening.

6.

Combinations of all of these.

7*

Assumption of secondary dormancy.

There seems to be no real disagreement among the investigators
in regard to dormancy classification.
concise breakdown of the dormancies.

Some authors merely make a more
An explanation of some of the

terminology used in describing seed dormancy problems is given below,
1,

Dormancy due to embryo characteristics.
a.

Seeds having immature embryos.— This situation exists in
those cases in which the embryo of the seed is still
rudimentary; not fully matured.

The embryo is only par

tially developed when the fruit matures.

Growth of the

embryo continues for several months before it is mature.
A good example of this type of dormancy is the seed of
the ginkgo tree.
b.

Seed needs after-ripening.— Seeds that exhibit this type
of dormancy have fully developed embryos.

They absorb

water readily, but will not germinate until certain bio
chemical changes take place in the embryo.

Generally,

these changes occur most rapidly at temperatures lower
than the normal germination temperatures.

Fall sowing

(as occurs naturally with most species, including larch)
brings this after-ripening about naturally.

Most of the

species of Crataegus and Juniperus exhibit this type of

-5donnancy.

2m

Dormancy due to seedcoat characteristics.
a.

Seedcoats resistant to water absorption.— This is per
haps one of the most common causes of seed dormancy.
Most seedcoats deteriorate to a great extent when
exposed to the soil chemicals and bacterial decay dur
ing the fall and winter period, and the seedcoats then
become permeable to water.

Seeds that are stored for

nursery use are not usually exposed to these same con- ■
ditions; hence, they are not weathered and consequently
they resist the passage of water.

If no water is avail

able to the embryo, it remains in a state of dormancy.
There seems to be a great range in the degree of resist
ance to the passage of water through the seedcoats of
various species.

Some seedcoats are impermeable for

only a short time, however Baldwin (6) states that
others, such as black locust, have been found to resist
water absorption after a period as long as 14 years.
Some of the pines exhibit a "mild resistance to water
absorption."
b.

Seedcoats that stop the expansion of seed contents.— Some
seedcoats of a hard or bony nature may hinder or sntirely
stop the expansion of the embryo by sheer mechanical
resistance.

Baldwin (6) found this to be common in the

Leguminosae and some of the nut species.

Under normal

environmental conditions in the forest, wetting and

-6drying and freezing and thawing causes a cracking of
these seedcoats before the time for germination.

Often

there is enough decaying action in the soil to bring
about a softening of the hard seedcoats.
c,

Seedcoats impermeable to gas exchange.— Seedcoats of
some seeds exercise an important influence on the res
piration of the embryo.

The entire respiration of seed

may be intra-molecular until the seedcoat is broken.

If

there is no exchange of oxygen and carbon dioxide, there
can be very little respiration within the embryo.

As

long as this respiration is retarded, no germination will
take place.

Baldwin (6) notes that seeds of some species

such as the Indian lotus, remain viable for periods of
centuries because of an impermeability to gas exchange.
Crocker (l8) found cocklebur to be another good example
of this type of dormancy.
3.

Secondary dormancy.
Seeds of

some species are subject to the condition

of secondary dormancy.

Baldwin (6) states that after

the seeds have been after-ripened and are ready for
germination, too high a temperature or too much drying
action may cause a secondary dormancy.

Often, this

secondary dormancy is harder to break than the original
dormant condition.

Flemion (25) found that Sorbus

aucuparia went into a secondary dormancy because of too
high a temperature for germination.

-74.

Delayed germination due to combination of factors.
Some seeds appear to have both embryo and seedcoat
dormancy problems.

To break this type of dormancy, a

combination of methods usually needs to be applied.
Under natural conditions, the combination of various rot
ting actions, abrasive actions, heat and cold, freezing
and thawing, and various environmental changes are suffi
cient to effect germination.

However, these environ

mental conditions are not present in most commonly used
seed storage methods.
Methods of hastening seed germination
The methods that have been used in attempts to hasten seed
germination have been of such variety and number that an attempt to
list them is beyond the intent of this study.

Most of the more common

means of hastening seed germination have been selected because they
could be done in a laboratory under controlled conditions.

Their use

has usually been an attempt to duplicate nature *s methods and to do it
in a much shorter time by a much simpler process.

Baldwin (6) differ

entiates between mere breaking of dormancy and actual stimulation of
the seed.

Merely removing a hindrance to germination, such as the

seedcoat, he considers to be breaking of dormancy.

Methods in which

enzyme activity is increased or started he considers true stimulation.
The treatment method to be used depends on the type of dormancy
that the seed has.

In the following discussion, the more common

methods are described.

—ô—
1.

Internal dormancies,
a.

Cold, moist treatment,— The most commonly used method to
break internal dormancy is by cold stratification.

This

method entails subjecting seeds to constant or alternat
ing temperatures for varying periods of time, under
moist or dry conditions, and with or without a medium.
The cold stratification method is meant to approximate
the condition to which the seed is exposed under its
natural environment.
The term "cold stratification" is used to cover many
systems that are basically the same.

Although the term

denotes a layering or placing in strata, the method
often involves a thorough mixing of the seeds with the
medium.
The medium in which the seeds are placed is chosen
for its ability to hold moisture, separate the seeds,
and provide aeration.

Sand, vermiculite, pumice, duff,

sphagnum moss, sawdust, and other media have been used
for this purpose.

The choice of using any of these is

dependent on availability, cost, pH, aeration qualities,
moisture-holding capabilities, non-toxicity, and various
other factors peculiar to individual problems.
Optimum temperatures for the cold stratification
vary with the individual species and lots of seeds, but
usually are in the range of 32° F, to 42° F,

Length of

the stratification periods differ widely, but numerous

—9—
studies have shown that 15 to 45 days seem to be adequate
for most species.
b.

Chemical treatment for internal dormancy.— A great many
chemical treatments have been used in attempts to break
the internal dormancy of seeds.

Occasionally, when

treatments of short duration are necessary, the cold
stratification methods are impractical, and more rapid
ways of breaking this internal dormancy have to be used.
Hastening seed germination sometimes requires warm
chemical treatments.

In some of the more common treat

ments, such chemicals as:

thiourea, hydrogen peroxide,

urea, uric acid, phenylacetic acid, napthalene-acetic
acid, indoleacetic acid, indolebutyric acid, thiocyanate, potassium cyanide, hydrochloric acid, sulfuric
acid, pepsin, pancreatin, glycerine, alcohols, aldehydes,
ethylene chlorhydrin, carbon dioxide, saponin, mercuric
chloride, adrenalin, ether, vanadium compounds, various
nitrates, radium chloride, various sulphates, and
various basic and acidic compounds.
The application of chemicals offers considerable
promise.

Later in this paper, some of these treatments

are described.
c.

Hot water soaking.— One of the most inexpensive and
simple methods is soaking the seeds in hot water for a
period of time.
species.

The length of time depends on the

The seedcoat is made less resistant to passage

—10—
of water and gases, and a swelling of the endosperm
usually occurs.

Baldwin (6) indicates that the results

of this treatment are not very reliable.
2.

Seedcoat dormancies.
a.

Chemical treatment.— One of the most common methods of
pretreating seeds with impermeable seedcoats is with the
use of acids.

Concentrated sulfuric acid has been

highly effective with some species.

Hydrochloric acid

and potash lye have also been used occasionally.

The

seeds are immersed in the acid for varying periods of
time.

This period of time varies with individual

species and even with different lots of seeds within
species.

Much of this variance is due to differences in

individual tree characteristics, variations in extrac
tion procedures, and moisture content of the seeds them
selves.

The acid treatment causes a breakdown of the

seedcoat, making it more permeable to water and gases,
and reducing the physical resistance to embryo expansion.
b.

Mechanical scarification.— A simple method of reducing
the thickness of the seedcoat is mechanical scarifica
tion.

This may be done in several ways.

The way

chosen depends on the amount and type of seeds to be
scarified.

All of the methods are basically the same.

They depend on some way of scratching and eroding the
seedcoat and involve, for example:

tumbling or churning

the seeds in drums lined with sandpaper, mixing seeds

-11with sand or gravel in a revolving drum, or various
manual adaptations (4)«
Some seed pretreatments used in previous studies
1.

Stratification.

As early as the seventeenth century, it was recognized that some
forest tree seeds needed pretreatment to get adequate germination.
Evelyn (24) in his publication, elaborated on the necessity of stratifi
cation to get prompt regeneration.
Larsen (33) working with the seed of western white pine Pinus
monticola Dougl., concluded that its dormancy was not due to any inher
ent physiological characteristics.
bility of the seedcoat.

Rather, it was due to the impermea

To overcome this, he suggested several

methods:
a.

Corrode the seedcoat with sulphuric acid.

b.

Mechanically abrade the seedcoat.

c.

Soak the seed in cold water for 24 hours, then freeze for
at least 40 days.

d.

Bury the seed in sawdust at a warm temperature for 3 weeks,

Mirov (36) says that stratification of conifer seeds is good in
all cases, and that in no case has it been recorded where stratification
was harmful.
Stratification under quite natural conditions was successful
with eastern white pine Pinus strobus L.

Robbins (40) stratified the

seeds by placing them in sand and exposing them to the weather in a
seedbed where the temperature ranged from -30° F, to

F.

Stratifi

cation in this manner for 7 months, 3 months, and 1 month gave varied

—12response.

Seven months and 3 months gave the same result^ but the 1

month stratified seeds were sli^tly longer in germinating.

However,

in each case stratification caused a faster germination than did the
air-dry type.

Bibby (ll) also working with eastern white pine, found

that rate and amount of germination was greatly improved by stratifi
cation.
Holmes and Buszewicz (2S) found that by cool and moist prechiHing of the seeds of Douglas-fir Pseudotsuga menziesii var. glauca
(Beissn.) France and Sitka spruce Picea sitchensis (Bong.) Carr, prior
to sowing, the germination period could be shortened from 50 days to lA
days.

In a similar experiment (29) with the same species, they found

that germination was greatly accelerated by a pretreatment of placing
the seeds on wet blotting paper and keeping them at 36^ F . for 21 days,
Long periods of stratification appear to be of no particular
advantage over shorter periods.

Three periods of stratification, 3-

month, lA-fflonth, and 27-nionth periods were used with 3 species of
spruce by MacGillivray (34)#

He found that there was no great differ

ence between 3 and 14 months and that germination percent was reduced
with the 27-month stratification.
Ching (15) concluded in her tests with western hemlock Tsuga
heterophvlla (Raf.) Sarge. that neither stratification or presoaking
were necessary to get an accurate germination test.

She found that a

20° C. incubation temperature gave the best germination results in the
shortest time.

Allen (l), working with the same species, reports that

stratification had a definite effect on increasing the rate of germi
nation.

The periods of stratification were 2, 3, 4$ and 6 weeks in

—13—
duration.

In every case, the time required to reach 50 percent of the

ultimate germinative capacity was dropped to one-half or less.
similar results with Douglas-fir.

He had

Results of another study of Allen's

(2) showed that 25^ C. incubation temperature gave the maximum rate of
germination; 20® C. was nearly as rapid, and 15° C. and 30° C. were
generally slower.
In a study with Engelmann spruce Picea engelmarmi Parry seed,
Curtiss (21) found that stratification increased the germinative energy
after 8 days of incubation from 60 percent in non-stratified seed to 93
percent with the stratified seed.

After 13 days of incubation, the

differences were only slight.
2.

Naked stratification.

A method termed "naked” stratification has been successful in
stimulating germination of some coniferous seeds.

Allen and Bientjes

(3) found that they could get consistent germination with Douglas-fir
seed by following this procedure:
a.

Soaking the seeds in tap water at room temperature for 24
to 30 hours.

b.

Drying the seed surface with paper towels.

c.

Refrigeration of the seeds at 0-2° C. in loosely covered
glass for 6 weeks.

d.

Incubation in vermiculite at a constant temperature of 25° C .

"Naked” stratification was also found to be successful with
western hemlock seed.

Bientjes (12) found that the most favorable

method in this case was:

—1 —
a.

Soaking the seed in tap water for 33 hours,

b.

Refrigeration of the seeds in loosely covered dishes for 7
to 9 weeks,

c.

Incubation at a constant temperature of 20^ C,

3.

Steeping (cold-soaking).

Many methods of shortening or simplifying the stratification
process have been tried'.
ing,

One that has been quite successful is steep

Some authors prefer to call this ”cold-soaking."
Rudolf (41) found steeping to be successful with several species.

Soaking the seeds of eastern white pine Pinus strobus L,, white spruce
Picea glauca (Moench) Voss, black spruce Picea mariana (Mill,) B.S.P.,
and balsam fir Abies balsamea (L.) Mill, in distilled water at 41^ F.
for 14 days was as effective as stratification in sand for 30 days.

He

also found that jack pine Pinus banksiana Lamb, seed responded similarly
with Ô days of soaking at 41^ F, (42).

Sibenik (45) and Fowler (26),

both working with eastern white pine, had results similar to Rudolf's.
In another test with white spruce, Crossley and Skov (20) steeped the
seeds for 10, 15, and 20-day intervals.

They found that the 20-day

steeping period gave significantly better results than did the shorter
soaking periods,
4.

Thiourea,

Thiourea is often used effectively in shortening the after-ripen
ing period of some seeds.

However, most of its use has been with other

than forest tree species.

Thompson and Horn (50) used it with lettuce

seed, Thompson and Kosar (51) with lettuce and peach seeds, Pearson (38)

-15with bitterbrush, and Hubbard (30) with ceanothus.
Most of the successful thiourea pretreatments have been with a
low percent solution, (3 percent or lower) and have had relatively
short soaking periods.

Soaking periods of considerably less than 1 hour

are recommended.
5.

Hydrogen peroxide.

Many early authors, such as Babcock ($), recognized the disin
fectant properties and the stimulative effect of hydrogen peroxide.
Most of the early work with hydrogen peroxide was with cereal grains,
and only in recent years has there been work with the coniferous seeds.
In a test using Japanese red pine Pinus densiflora Sieb. and
Zucc. in different solutions of hydrogen peroxide, Migita, Kawana, and
Takahashi (35) found that the stronger the solution of hydrogen peroxide
that they used, the greater was the stimulation of the seed*

A rapid

germination test by Ching and Parker (l?) was devised using hydrogen
peroxide as the germination stimulant.

It was found that satisfactory

viability tests could be made by placing the seeds in a 1 percent solu
tion of hydrogen peroxide after the seedcoats had been partially
removed.

They used Douglas-fir Pseudotsuga menziesii var. glauca

(Beissn.) France, ponderosa pine Pinus ponderosa Laws., sugar pine Pinus
lambertiana Dougl., Jeffrey pine Pinus .1effreyi Grev. and Balf., lodge!

pole pine Pinus contorta var. latifolia Engelm., noble fir Abies procera
Rehd., and grand fir Abies concolor (Gord. and Glend.)

Hoopes in their

tests.
In another test with Douglas-fir seed, Ching (16), tried the
following treatments:

—16—
a.

Soaking the seeds in 1 percent hydrogen peroxide for 12, 24,
36, and 40-hours,

b.

Soaking the seeds in water for 12, 24, 36, and 40-hours.

c.

Naked stratification.

d.

Dry seed.

She found that all of the treatments were better than using the
dry seed.

Soaking in hydrogen peroxide was the most rapid, with the

longest soaking period being the most effective.

Naked stratification

was the next most effective, followed by water soaking, and then the
dry seed.
Previous seed studies with western larch and other larch species
There has been very little research dealing specifically with
the larch species.

Western larch Larix occidentalis Nutt., particu

larly, has but little published information.

Because of the lack of

information about this species, some comparison will have to be made
with experiments that dealt with other species.
A report on the use of western larch in nursery practice was
made by Wahlenberg (53)*

He found that by sowing larch seed in the

spring, germination would continue through September.

In the June-sown

seed only 5 percent of the total germination had occurred by the first
of August,

Holdover germination

total germination.

accounted for about 50 percent of the

To remedy this problem, fall sowing was attempted.

This resulted in germination being complete by the end of June with the
bulk of it occurring in May.

Natural stratification had apparently

2
Germination that occurs the year following sowing.

-17stimulated the seed into rapid germination.

In an attempt to duplicate

this artificially, Wahlenberg tried cold-soaking in water.

It was

found that cold-soaking was as effective as fall sowing,
Larsen (32) found, after Ô years of seed testing at the Priest
River Forest Experiment Station, that western larch had an average
germination of 47 percent after 50 days of incubation.

Thoroughly

cleaned seed was used in these germination tests.
Three larch species, tamarack Larix laricina (DuRoi) K. Koch;
European larch Larix decidua Mill,; and western larch Larix occiden
talis, were studied at Yale University (52),

Their tests showed a var

iable and uncertain germination with all three species.

After 50 days

of incubation, tamarack had germinated 10 percent, European larch had
germinated 14 percent, and western larch had germinated 6 percent,
Olson (37) in his work at Savenac Nursery in Montana, found the
average germination of western larch to be 30 percent.

Heit and

Eliason (27) commented that Larix species seldom germinated more than
50 percent, and that moist prechilling is essential for certain Larix
species,
Johnson (31) found that European larch germinated successfully
with several different treatments; he recommended any of the following:
a.

Stratification for 70 days,

b.

Presoaking the seeds in cold water,

c.

Soaking the seeds in a 1,5 percent solution of thiourea,

Rudolf, (41) attempting to find a method to shorten the time used
in stratification, found a good substitute in cold-soaking.

Using

tamarack seed, he found that germination was as good with 14 days

—18cold-soaking at 41° F. as it was with sand stratification at 41^ F. for
30 days.

Seven days of cold-soaking proved to be ineffective.

He con

cluded that cold-soaking saved from 25-60 percent of the total time
required for tests when stratification was used.

Emergency spring sow

ing could then become feasible where a 60-90 day period of stratifica
tion might be out of question.
In another test of pretreatment of larch seed (species not
noted), Beltram (9) found that by steeping (cold-soaking) the seeds,
all germinated within 8 days in the germinator.
period of 14 days in cold water.
day.

He used a soaking

The water was changed every other

He suggests a proportion of 3 liters of water to 1 liter of seeds.
Rehackova (39) carried out a study designed primarily to deter

mine variation during the year in germinative capacity and energy.
used Scotch pine Pinus sylvestris L, and European larch seeds.

He

It was

found that germinative capacity decreased 8 percent during the year and
germinative energy varied but little in the same period.

He also found

that germinative capacity was high in spring and autumn and low in
wihter and summer.

Larch, however, was less pronounced in this effect

than was the pine,
A simple method for pretreating Siberian larch Larix sibirica
Lebed, is described by Dement jev (22).

He placed Siberian larch seed

in muslin bags, sufficiently large for the seed to form a thin layer,
and buried these under the snow in December.

After sowing in the spring,

the snow-treated seed germinated 7 days before, and yielded 80 percent
more seedlings than dry stored seed.
In a test similar to Dementjev’s, Bergman (10) found that
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stratification in coarse snow greatly increased germinative energy in
Siberian larch.

He also found, in using 4-year-old western larch seed,

that the indicated germinative capacity was more than trebled by the
same treatment.
Szwed (48) had good results with larch (species not noted) by
soaking the seeds in water for 24 hours, discarding the floating seeds,
sowing the remainder, and then keeping the seedbeds well watered.
In a test to determine moisture contents of conifer seeds,
Bartels (7) found that larch (species not noted) because of its high
proportion of seedcoat, absorbs more moisture than either pine or
spruce.

When the larch seeds were placed in high relative humidities,

it was found that they reached equilibrium with the atmosphere after
48 hours.

Stone (47) also found that 48 hours was sufficient time for

pine seed to absorb maxi mum moisture; therefore, the seedcoat apparently
offered very little obstruction to the penetration of moisture into the
embryo.
Buszewicz and Holmes (14) carried out germination tests on 3
species of larch.

European Larix decidua Mill., Japanese Larix

leptolepis (Sieb., and Succ.) Gord., and hydbrid larch Larix eurolepis
were used.

They suggested no pretreatment for the European and the

hybrid larch, but recommended a moist pretreatment at 2^ C. for 21 days
for the Japanese larch.
A small exploratory germination test with western larch seed was
carried out by Tackle (49).

There was no pretreatment of the seed be

fore it was tested for germination.

The results of this test showed

that germination continued up to the end of the testing period, a period

-20of over 4 months.

Seed germination started as early as 6 days after

the start of the incubation period.

When seed from this same lot was

sown in the field, it exhibited the same characteristics of extended
germination.
summer.

Germination continued throughout the major part of the

Those that germinated late in season had very poor survival.
Shearer and Tackle (44) reported on a study in which the effect

of hydrogen peroxide was tested on the seed germination of western
larch, Douglas-fir, and subalpine fir.

They found that by moistening

the seeds in the incubation chamber with a 3 percent solution of
hydrogen peroxide, the larch and Douglas-fir seeds germinated signifi
cantly faster than seeds moistened with water.

Germination percent of

hydrogen peroxide-moistened seeds for 14 days was comparable to 50 to
90 days with the water-moistened seeds.

Subalpine fir showed no sig

nificant response to hydrogen peroxide treatment.
Shearer (43) found similar results in a test carried out with
subalpine larch Larix lyalli Pari.

Before this, no known treatment

tried with this species had succeeded in inducing germination (4).
Prior to incubation, the subalpine larch seeds were soaked in a 3 per
cent hydrogen peroxide solution for the periods shown below.

The corre

sponding germination percents after 39 days incubation are indicated.
Hours soaked in
hydrogen peroxide

Total germination
percent_____

None

0.0

6
12

0.8
7.0

18
24

6.0
14.0

EXPERIMENTAL PROCEDURE
Préparai ions
Preparations for this study were started approximately six
months prior to the final experiment which was carried out in the
spring of 1959.
Seed collection
At the present, very little western larch seed is collected
commercially.

Obtaining an adequate amount of suitable quality seed for

an experiment can pose a problem; however, for this study, enough seed
was donated by the Intermountain Forest and Range Experiment Station
and the Montana State Forest Nursery to make the experiment possible.
One source was purchased from a seed collector.
All of the seed used in the experiment was seed that matured and
was collected during the 1958 growing season.
sources was used throughout the main tests.

Seed from four different

The source descriptions

are shown in Table I.
A letter coding system, (A, B, C, D) in conjunction with color
coding (red, blue, green, purple) respectively, was used to make cer
tain that the different sources Would not be mixed.
color was assigned to each of the four sources.
the seed simpler with lees chance for error.
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A letter and a

This made handling of

-
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TABLE I
DESCRIPTION OF FOUR SEED SOURCES AND ASSIGNMENT
_______ ,
___________ OF CODE LETTERS TO EACH SOURCE________
Source "A"
Species:

Larix occidental!s

Location;

Latitude ^8^ 12* N
,o
Longitude 113 43* W
R 17 W., T 28 N., Section 15
Near Felix Creek, Flathead National Forest, Montana

Elevation:

Approximately 4,000 feet.

Collectors:

Shearer, Hershberger, Schmidt

Date of collection:

August 28, 1958

Method of cone collection: The cones were collected mainly from
squirrel caches in an area that was being logged.
Seeds per pound:

94,000

Source "B"
Species:

Larix occidentalis

Location:

Latitude 48^ 24* N
Longitude 113^ 59* W
R 19 W., T 30 N., Section 12, Flathead National
Forest, Montana

Elevation:

Approximately 3,800 feet

Collector:

Hershberger

Date of collection;

August 28, 1958

Method of cone collection: The cones were collected from the
ground in an area where squirrels had been cutting them.
Seeds per pound:

119,000

-23TABLE I (continued)
Source "C"
Species:

Larix occidentalis

Location:

Latitude 40^ 24’ N.
Longitude 113° 59* W.
R 19 W,, T 31 N., Section 36, Flathead National
Forest, Montana

Elevation:

Approximately 4,150 feet

Collectors:

Shearer, Hershberger, Schmidt

Date of collection:

August 28, 195#

Method of cone collection;
freshly cut logging slash.
Seeds per pound:

The cones were collected from

120,000

Source "D"
(Two seed sources combined with approximately equal amounts from
each source.)
Species:

Larix occidentalis

Location:

Latitude 46° 53* N*
Longitude 113° 56’ W.
R 18 W., T 13 N*, Section 4, Mitouer Gulch, Montana

Elevation:

Approximately 5,000 feet

Collector;

Schendel

Date of collection:

September 1, 1958

Method of cone collection:
wind-thrown tree.
Seeds per pound:

94,000

The cones were collected from a

—2Zt—
TABLE I (continued)
and
Species:

Larix occidentalis

Location:

Latitude 47

10* N.

Longitude 113° 21' W.
H H.W., T 16 N., Section 3» near Cottonwood Lake,
Montana
Elevation:

Approximately 5,000 feet

Collector;

Schendel

Date of collection:

September 1, 195#

Method of cone collection;
squirrel caches*
Seeds per pound:

94,000

The cones were collected from
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Seed storage
After the cone collection, the cones were dried, some by spread
ing them out on trays, and some by drying in porous cotton sacks.
drying took place at normal room temperature

This

(approximately 72° F.).

Following the drying period, the cones were all stored in cotton sacks
at normal room temperature until December 1958.

They were then threshed

in a mechanical tumbler.
Seed cleaning
The small amount of seed and the necessity of keeping the indi
vidual seed sources separate didn't adapt well to mechanical cleaning.
The seeds were sifted through various size screens and then blown with
air to remove the light seeds and foreign matter.

An attempt was made

to dewing the seeds by rubbing them together; however, the resinous
nature of the seeds and the relatively strong bond between the seed and
its wing made this process unfeasible.

On fairly large lots, mechanical

methods of dewinging and cleaning are quite satisfactory.

Care was

taken throughout the cleaning process to prevent seed injury.
Selection of seed samples
A mechanical divider, commonly used for soil analysis work, was
used to divide the seed lots.

By this method, the lots were divided

down into groups of approximately 500 seeds.

From this group, the

seeds were counted into lots of 100 and stored in glass vials until the
test was started.

From these seed lots, the samples were randomly

selected for their respective treatments.
The seed counting proved to be a very time-consuming part of the
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It took approximately ij hours to count 1,000 seeds.

Approx

imately 50,000 were counted during the course of the experiment.
A vacuum counter, described by Brown, Toole, and Goss (13), was
used in an attempt to reduce the time spent in counting.
did not prove to be satisfactory with this species.

This method

The seed's shape,

light weight, and attached wing prevented this method from being of any
value.
Cutting tests
Cutting tests were made to get a quick approximate measure of
the viability of the seeds to be used in the test.

Four hundred seeds

from each of the four sources were tested in this manner.

The average

results were:
Source A - - - - - - - Source B - - - - - -- - 52#
Source C - - - - - - - -

32#

Source D - - - - - - - -

45#

These figures indicate that there was considerable variation between
the sources.
Exploratory treatments
While planning this experiment, it was decided that simple seed
treatments would be greatly favored over the more complex methods.
Even though a method is quite successful, it might well be time-consum
ing, quite exacting, dangerous, difficult to handle, demanding special
technical knowledge, and costly.
Only one seed source (Source B) was used for these tests.

Fifty

-27seeds were used with each treatment.

All incubation was carried out in

petri dishes, using filter papers as the water-holding reserve.
ing with distilled water was done daily with an eye dropper.
perature was nearly constant at 80° F.

Water

The tem

Germinates were removed from

the petri dishes during the daily countings.

The seeds were considered

as having germinated if the radicle protruded 1 millimeter or more and
showed definite characteristics of being a normal germinate.
swollen seeds were not considered as being germinated.

Merely

Radicle growth

had to be plainly evident before it was considered a germinate.
All of the methods of seed stimulation were treatments of the
seeds prior to placing them in the petri dishes.

The treatments used

for this exploratory test are lettered for convenience.

Listed below

are the treatments:
A.

Soaking in 10 milliliters of a U.S.P. 3 percent solution of
3
hydrogen peroxide
for a period of 12 hours at
approximately 36° F. in an open 50 ml. beaker.

B.

Soaking in 10 milliliters of a 3 percent solution of hydrogen
peroxide for a period of 12 hours at room temperature in an
open 50 ml. beaker.

C.

Soaking in 10 milliliters of a 3 percent solution of hydrogen
peroxide for a period of 12 hours at room temperature in an
airtight 50 ml. container.

D.

Soaking in 10 milliliters of a 3 percent solution of hydrogen
peroxide for a period of 7 hours at room temperature in an

3
All hydrogen peroxide mentioned hereafter in this paper is U.SJ^.
3 percent H2O2 solution.
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airtight 50 ml, container.
E,

Soaking in 10 milliliters of a 3 percent solution of hydro
gen peroxide for a period of 3 hours at room temperature in
a closed container,

F,

Freezing at 0° F, for 24 hours and then placing directly in
to water near the boiling point.^

The seeds were left in

this water which was left to cool at a normal rate for 18
hours,
G,

Seeds placed directly into water near the boiling point and
allowed to cool at a normal rate back to room temperature.
When the water reached room temperature (approximately 1
hour later), the seeds were removed and placed in 10 milli
liters of a 3 percent solution of thiourea (NH2CSNH2)^ for
a period of 1 hour at room temperature.

H,

Seeds placed directly into water near the boiling point and
allowed to cool at a normal rate back to room temperature.
When the water reached room temperature (approximately 1
hour later), the seeds were removed and placed in 10 milli
liters of a 3 percent solution of thiourea for a period of
5 minutes at room temperature,

I,

Soaking in 10 milliliters of a 3 percent solution of thiourea
for 5 minutes at room temperature.

4

Near boiling point was approximately 200

o

F,

^All thiourea mentioned hereafter in this paper is a 3 percent
NH2CSNH2 solution, and all thiourea treatments were in open containers,
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Soaking in 10 milliliters of a 3 percent solution of thiourea
for 1 hour at room temperature*

K.

Soaking in 10 milliliters of a 3 percent solution of thiourea
for 12 hours at room temperature.

L.

No treatment prior to incubation; serving as the "control."

The results of these seed treatments are given in Table II.

TABLE n
EXPLORATOffif SEED TREATMENT RESULTS

Treatments

5 days

Total Germination Percent
7 days 10 days 14 days 21 days

25 days

A.

Op for 12 hours at 36*^ F. in an open
container*

4

8

8

8

8

8

B.

H2O2 for 12 hours at room temperature,
in an open container.
I
' '

28

34

34

34

34

34

C.

H2O2 for 12 hours at room temperature,
in a closed container.

40

44

44

44

44

44

D.

HgOg for 7 hours at room temperature,
in a closed container.

30

30

30

30

30

32

E.

H2O2 for 3 hours at room temperature,
in a closed container.

8

14

20

24

28

30

F.

Frozen 24 hours, placed in near boiling
water, then soaked 18 hours.

2

18

28

28

28

28

G.

Placed in near boiling water, left to
cool, then soaked 1 hour in thiourea.

0

0

0

0

0

0

H.

Placed in near boiling water, left to
cool, then soaked 5 minutes in thiourea.

0

0

0

0

0

0

I.

Soaked in thiourea for 5 minutes.

0

0

2

26

42

¥*

0

0

0

18

40

44

J.. Soaked in thiourea for 1 hour.
K,

Soaked in thiourea for 12 hours.

0

2

4

18

24

24

L.

No treatment.

0

0

0

0

0

0

"Control."

?

FINAL EXPERIMENT
From the results of the exploratory treatments, knowledge as to
what methods might be effective was gained.

On the basis of an evalua

tion of this data and results of other studies, it was decided that the
treatments listed below had the greatest potential for success.

They

are numbered for the sake of clarity.
Seed treatment methods
1.

Control.— This consisted of no pretreatment of the seeds.

It served as the control and is referred to as such.
2.

Twelve hour, closed, hydrogen peroxide.— This consisted of

soaking each group of 100 seeds in 25 milliliters of a 3 percent solu
tion of hydrogen peroxide.

This soaking was done in an airtight con

tainer for a period of 12 hours at room temperature.
3.

Twelve hour, open, hydrogen peroxide,— This consisted of

soaking each group of 100 seeds in 25 milliliters of a 3 percent solu
tion of hydrogen peroxide.

This soaking was done in an open 50 ml,

beaker for a period of 12 hours at room temperature,
4.

Six hour, closed, hydrogen peroxide.— This consisted of

soaking each group of 100 seeds in 25 milliliters of a 3 percent
solution of hydrogen peroxide.

This soaking was done in an airtight

container for a period of 6 hours at room temperature.
5.

One hour thiourea.— This consisted of soaking each group
-31-

-32of 100 seeds in 10 milliliters of a 3 percent solution of thiourea.
The soaking period was 1 hour at room temperature in an open container.
6.

Five minute thiourea.— This consisted of soaking each group

of 100 seeds in 10 milliliters of a 3 percent solution of thiourea. The
soaking period was 5 minutes at room temperature in an open container.
7.

Steeping.— This consisted of soaking each group of 100 seeds

in 50 milliliters of distilled water.
a temperature of 33^ F.
8.

The soaking period was IS days at

The water was not changed during this period,

Naked stratification.— This consisted of soaking each group

of 100 seeds in 50 milliliters of distilled water for 24 hours at room
temperature.

Following this, the seeds were removed from the water and

were surface dried.

They were then placed in petri dishes and kept at

33° F, for a period of 6 weeks.
9.

Sand stratification,— This consisted of placing each group of

100 seeds in sterilized porous cotton bags.

These bags were then placed

between two porous cotton cloth layers which were in-between layers of
sterilized sand (pH 8.4) in a refrigerator tray.

The sand was watered

until it was nearly saturated, and the trays were then placed in the
refrigerator at approximately 33° F, for a period of 6 weeks.
Incubation
1.

Facilities,

The seed incubation was carried out in the home of the author.
Having a room in which both the heat and light could be controlled
greatly facilitated the study.

Three temporary racks, on which the

incubation chambers could be placed, were built in the room.

This kept

the incubation chambers at a satisfactory spacing, and made it easier

-33to do the daily recording.
2.

Incubation chamber.

An incubation chamber, using blotters as the water-holding media,
was selected for the study.

By using this system, germinated seeds are

easily counted, and moisture is easily controlled.

The chambers con

sisted of a wood frame with a galvanized sheet-metal bottom and a glass
top.

The inside dimensions were 24'* x 24” x 1-1/8”. In the bottom of

the tray, commercial "deadening felt” was placed and used as a reserve
blotter.

It proved to be extremely water absorbent and a very good

reservoir.

The small blotter pads, on which the seeds rested, were laid

on this reservoir and had a constant water supply.
3#

Starting incubation.

Treatments number 1 through 7 were included in the first phase of
this study.

These treatments were of short-term duration and were

initiated at the necessary time so that they would be completed and
ready for incubation simultaneously.

Treatments 8 and 9, of longer

duration, were incubated following the termination of the first phase.
The seeds were removed from their respective treatment media and
placed on the blotter pads in the incubation chamber.

Seeds that had

been treated with thiourea and hydrogen peroxide were washed with dis
tilled water prior to placement in the chambers.

Care was taken to

assure that none of the seeds became dessicated while being transferred
to the chambers.

All of the first 7 treatments were transferred during

a 24-hour period, so incubation could be considered as having started
on the same date.
One hundred seeds were spread out on each blotter pad so that
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they were not touching each other.

Every seed had direct contact with

the blotter for water absorption.
4.

Watering.

Watering the seeds was done daily at the time of the counting of
germinates, with distilled water, using a large syringe.

There was suf

ficient space between the blotter pads to apply water directly to the
reservoir.
5•

In no case was water applied directly to the blotter pads.
T emperat ure.

The temperature of the room was quite constant.

Although no con

tinual reading was kept on the temperature, it was checked at various
times during the day and found to vary only plus or minus 3° F.

The

average temperature reading for the incubation period was 80° F.
6.

Light.

Only diffused light was present in the room, and no artificial
light was used except that used during the daily recording of germina
tion.

The chambers were spaced evenly so that they received an equal

amount of light.
Experimental design
The first phase of this experiment was a 4 by 7 factorial
arranged in a randomized block and replicated 10 times.

Each incubation

chamber was a replicate containing seed lots from 4 sources subjected to
7 pretreatments.

The second phase of this experiment was a 4 by 2

factorial arranged in a randomized block and replicated 10 times.

Each

incubation chamber was a replicate containing seed lots from 4 sources
subjected to 2 pretreatments.

Each seed lot contained 100 seeds.

Consequently a total of 1,000 seeds were used with each treatment

-35of each source as is recommended for western larch (4).
The blotter pads, each holding 100 seeds, were randomly placed
in each of the incubation chambers.

Each chamber was randomized

separately.
Table III shows diagrammatically what went into each incubation
chamber in the first phase of the experiment.
Germination
1.

Germination counts.

Daily counts were made of all germinates.

A seed was considered

as having germinated when the growth was plainly evident, the radicle
protruded 1 millimeter or more, and when it showed definite character
istics of being a normal germinate.
sidered as having germinated.

Merely swollen seeds were not con

After a seed had germinated, it was

removed from the chamber.
Germination counts in treatments 1 through 7 were made every day
for the first 2Ô days and every other day from then until 42 days when
the test was concluded.
for 28 days.

Daily counts were made of treatments 8 and 9

The test was concluded at this point.

A post-mortem test was made of all the seeds that had not germi
nated in one entire replicate.

This was done by making a cutting test.

The object of this was to determine how many of the remaining seeds
appeared to be sound.
2.

Records.

Sheets designed specifically for this study were used throughout
the experiment.

These forms, shown in Figure 1, page 37> proved to be

satisfactory for this particular study.
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table

III

A SAMPLE REPLICATION BEFORE RANDOMIZATION

Source A

Source B

Source C

Source D

Treatment 1

T-,
1

S.

A

T^
1

S„
B

T^
1

c

T-,
1

s_
D

Treatment 2

T_
2

8.

T_
2

S_
B

T^
2

s^
0

T_
2

S.
D

Treatment 3

T

S

T

S
B

T
3

s

c

T
3

s
D

T
4

s.

T
4

S
D

s

T

S
D

A

3

A

S
A

T
4

S

4

S
A

T
5

S
B

T

5

5

G

6

S
B

T^
6

s
G

T,
6

S

S
B

T

s

T

7

S
D

Treatment 4

T

Treatment 5

T

Treatment 6

T^
6

S

Treatment 7

T

S
7

3

A

A

T

B

7

c

c

5

7

D
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FIGURE 1
GERMINATION TALLY SHEET

ANALYSIS OF DATA AND RESULTS
The main purpose of this analysis is to show the relative merits
of all the treatments used in this experiment.
Accuracy of the seed test and the length of the testing period
are a vital part of the analysis.

It is possible in a test of this type

that certain seed treatments could result in rapid initial germination,
but the total germinative capacity would never be reached.

It is also

possible that seeds used in another treatment would show little germi
native energy, but the germination would continue over a long period of
time until the full germinative capacity was reached. Consequently, a
period in which to expect near complete germination in some of the
treatments had to be selected.

Also, a reasonable length of time that

could be used for making a viability test is an important factor.
Twenty-eight days of incubation, for the purposes of this study,
is considered sufficiently long for the treatments to exhibit their
relative merits.

This length of incubation period is sufficiently long

to determine if those treatments that prompted high initial germinative
energy would reach full capacity.

Also, this period is too short for

those treatments of low germinative energy to reach full germinative
capacity,
A treatment will be required to have at least 93 percent of the
total germinative capacity to be accepted as a successful treatment for
the purposes of this study.
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-39Treatments 1 through 7, incubated simultaneously, are analyzed
in one statistical analysis.

Treatments 8 and 9, incubated together at

a later date, are compared in a separate analysis.

All treatments were

subjected to identical conditions, except that treatments 8 and 9 were
incubated at a later date.

Consequently, the seeds were that much older

and it was later in the spring season when fluctuation in germinative
capacity and energy may occur (39).
It is doubtful that there is any variation due to the two differ
ent times at which the experiment was carried out, since the time dif
ference is so slight; however, it was felt that no statistical compar
ison should be made, since that possibility could exist.

Other non

statist ical comparisons can reasonably be made.
Analysis of variance
1.

Treatments 1 through 7,

Results of the analysis of variance (46) after 28 days of incu
bation are shown in Table IV,
Treatment is highly significant, indicating that there are
differences in the response of the seeds to the various treatments.

A

comparison is made of every treatment with every other treatment in
Figure 2, page 41> using Duncan's Multiple Range Test (23).

This indi

dates, graphically, the relationship of any one treatment to all others
tested in this analysis.
It can be seen from this graph that after 28 days of incubation
the following is true at the 1 percent confidence level:
a.

All treatments are significantly greater than the control.

b.

Treatments 7 (steeping), 3 (soaking in an open container of

—/|,0—

TABLE IV
ANALYSIS OF VARIANCE FOR
TREATMENTS 1 THROUGH 7

Sum of
Category

Squares

D. F.

74,416

279

422

9

49

1.53

Treatment

10,078

6

2,400

75.00

Source

49,864

3

15,450

482.81 **

Interaction (Tr. x S.)

6,199

18

344

10.75 **

Error

7,851

243

32

Total
Replication

Significant at the 1-percent level

Variance

Sample F.
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hydrogen peroxide for 12 hours), and 2 (soaking in a closed
container of hydrogen peroxide for 12 hours), respectively,
gave the maximum germination.

They are all significantly

greater than any of the remaining treatments,
c.

There is no significant difference between any of the above
three treatments.

d.

There is no significant difference between treatments number
5 (soaking in thiourea for 1 hour), 4 (soaking in a closed
container of hydrogen peroxide for 6 hours), and 6 (soaking
in thiourea for 5 minutes).

Source is highly significant, as well might be expected.

Earlier

cutting tests had indicated a considerable variation in the germination
percentages of the 4 sources.
The interaction of treatment x source is significant, indicating
a difference in the effectiveness of the treatment methods for the
various sources.
There is no significant difference between replications, indi
cating that slight inherent differences in replication were not signifi
cant after 28 days of incubation,
2.

Treatments 8 and 9.

Only treatments 8 (naked stratification) and 9 (sand stratifi
cation) are tested against each other in this analysis.

Results of the

analysis of variance for treatments 8 and 9 after 28 days' of incubation
are shown in Table V,
Treatment value is not significant, indicating there is no
difference in the effects of these two treatments after 28 days of

—43'“

TABLE V
ANALYSIS OF VARIANCE FOR
TREATMENTS 8 AND 9

Category
Total
Replication
Treatment
Source
Interaction (Tr. x S.)
Error

Sum of
Squares

D,. F.

Variance

Sample F.

21,934

80

422

9

46.89

1.30

2

1

2.00

0.05

19,188

3

6396.00

176.83

7

3

2.33

0.06

2,315

64

36.17

Significant at the 1-percent level
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incubation.
There is a highly significant difference between sources.

This

is also evident in treatments 1 through 7*
The interaction of treatment x source is not significant, indi
cating no difference in the effectiveness of the two treatments on the
U sources.

There is no significant difference between replications, indi
cating that slight inherent differences in replication were negligible.

DISCUSSION OF RESULTS
The average cumulative germination percents by treatments and
number of days in the incubation chamber are shown in Table VI, page 46,
and Figure 3, page 47.

From this data and the shape of the curves

drawn from this data, it can be seen that germination was apparently
complete at slightly more than 42 percent*

Three treatments (3, 7>

and 9) reached this point, and 2 treatments (2 and Ô) were only slightly
less than this*
It was on the basis of this data that Table VII, page 46, which
indicates germinative energy,^

was calculated.

Forty-two percent was

used as the total germinative capacity in figuring the germinative
energy.
The different effects of the seed treatments on the germination
pattern are quite pronounced*

The relative merits of all the treatments

were evident after only a few days of incubation, and this relationship
changed very little during the duration of the test*
The treatments can be evaluated with respect to the possible
application of the results:

(l) Using these treatments as ways of

quickly determining seed viability of a larch seed lot*

(2) Using the

results of these treatments as tentative guidelines for further testing

There is considerable disagreement between authors about the
expression "germinative energy.” For the purposes of this study,
germinative energy is defined as the number of seeds germinating in a
given period, expressed as a percent of germinative capacity. (See
footnote 1, page l)
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TABLE VI
AVERAGE CUMULATIVE GERMINATION PERCENTAGES

3
Treatments
1.

Control— no treatment.

2.

Days in Incubation Chamber
5
7
10
14
28
2L
Percent of germinative canacitv

42

0.08

1.75

H2O2 soak for 12 hours in a closed
container at room temperature.

16.85

33.65

37.50 39.22

40.10 40.65 40.95

3.

HgOg soak for 12 hours in an open
container at room temperature.

14.25

27.35

32.72

36.92

39.18 40.58

41.42 42.12

4*

HpOp soak for 6 hours in a closed
container at room temperature.

4.SO 17.55

24.10 29.32

32.30 34.22

35.48 36.78

5.

Thiourea soak for 1 hour at room
temperature.

0.20

3.40

8.75

15.88

22.42 31.68

36.52 40.30

6.

Thiourea soak for 5 minutes at room
temperature.

0.12

3.80

8.70

16.12

22.72

30.35

33.85 37.15

7.

Steeping— soak in water for IS days
at 33° F.

40.90 41.60 41.85 42.02

42.05 42.08

ô.

Naked stratification— soak 24 hours
in water at room temperature, then
keep dry at 33° F. for 46 days.

9.

Sand strat ificat ion— stratify in moist
sand at 33° F, for 46 days.

4.42

8.72

12.58 16.08

19.72 23.85
41.38

i-

36.00 40.15

0.55

18.78 30.42

37.58 40.32

33.32

40.50 41.32

41.88 42.10 42.18 42.18 No data

41.20

41.32 No data

r
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TABLE VII
GERMINATIVE ENERGY OF ALL TREATMENTS

Treatments
1.

Control— no treatment.

2.

H2O2 soak for 12 hours in a closed
container at room temperature.

3-

■Percent of Total Germinative Capacity by Days
10
28
21
42
3
5
7
14
4

11

21

30

38

47

57

40

80

89

93

95

97

98

99

H^O,) soak for 12 hours in an open
container at room temperature.

34

65

78

88

93

97

99

100

4*

soak for 6 hours in a closed
container at room temperature.

11

42

57

70

77

81

84

88

5e

Thiourea soak for 1 hour at room
temperature.

0.5

8

21

38

53

75

87

96

6e

Thiourea soak for 5 minutes at room
temperature.

0.3

7e

Steeping— soak in water for 18 days
at 33° F.

ô.

Naked stratification— soak 24 hours
in water at room temperature, then
keep dry at 33^ F. for 46 days.

9.

Sand stratification— stratify in
moist sand at 33 F. for 46 days.

Note:

0.2

?

9

21

38

54

72

81

88

86

96

97

99

99

100

100

100

1

45

72

89

96

98

79

96

98

100

100

100

A2 percent is used as the average total germinative capacity.

98 No data

100

No data
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under field conditions for field sowing application.

These two appli

cations pose two entirely different problems.
First, if the results of this experiment were to be applied by a
seed tester who is interested only in getting a quick determination of
seed viability under highly controlled conditions, the total amount of
time used in the whole process would have to be considered.

Not only

would this time include the period required for incubation, but also
the period required for treatment of the seed.
time, a much different picture is shown.

Considering this total

This, of course, is due to

the very short treatment periods of the chemical methods, the relatively
short period with steeping, and the long period with the stratification.
For the purposes of this comparison, the total time for the
whole test will be considered.

Ninety-eight percent will be used as

the acceptable level of total germinative capacity and 28 days will be
considered as the time in which germination should be complete.

The

ranking under these conditions would be as follows:
1.

Steeping. (18 daystreatment + 10 days incubation =28

days)

2.

Hydrogen peroxide, 12 hours, open, soaking. (12hrs. treat
ment + 28 days incubation = 28J days)

3.

Hydrogen peroxide, 12 hours, closed, soaking. (12 hrs. treat
ment + 28 days incubation = 28J days)

The following treatments did not reach 9Ô percent of their total germi
nation, but their ranking after 28 days of incubation is shown:
4.

Thiourea, 1 hour soaking.

5.

Hydrogen peroxide, 6 hours, closed, soaking.

6.

Thiourea, 5 minute soaking.

-507.

Control#

The treatment time alone of both stratification methods used in this
test is longer than the total time used for the other treatments.
Three of the treatments, steeping, hydrogen peroxide 12 hours
open soak, and hydrogen peroxide 12 hours closed soak, are acceptable as
methods of quickly determining larch seed viability.

There is no sig

nificant difference between any of these 3 treatments.
the accepted levels at approximately the same time.

They all reached

Steeping, which is

similar to overwintering, undoubtedly would not require as stringent
laboratory conditions as the hydrogen peroxide methods.

Any one of

these 3 treatments is easily applied.
The remaining treatments are all too slow to meet the prescribed
limits.
Second, the results of this study could be used as tentative
guidelines for further testing of the treatments under field conditions
for field sowing application.

The length of the incubation period

would be a very important factor under these circumstances, but the
time required to treat the seeds prior to incubation would be only
secondary.
For the purposes of this comparison, only the time used in incu
bation will be considered.

Ninety-eight percent of the total germina

tive capacity is used as the acceptable level, and 28 days will be
considered as the time in which germination should be complete.

With

these conditions, the ranking of most to least germinative energy would
place the treatments in this order:
1.

Sand stratification.

-512.

Steeping.

3*

Naked stratification.

4*

Hydrogen peroxide,

12hours, open, soaking.

5.

Hydrogen peroxide,

12 hours, closed, soaking*

The remaining treatments did not reach 93 percent of the total germi
native capacity, but their ranking after 28 days of incubation is
shown:
6.

Thiourea, 1 hour, soaking.

7.

Hydrogen peroxide, 6 hours, closed, soaking.

8.

Thiourea, 5 minute, soaking.

9.

Control.

The acceptance levels,

as

earlier prescribed for further testing

under field conditions, limitthe choice of treatments to

5.

There was

little difference in the effects of the first three; sand stratifica
tion, naked stratification, and steeping treatments.
and steeping had nearly identical responses.
since they are both cold-wet treatments.

Sand stratification

This could be expected,

Naked stratification, a cold-

dry treatment, did not stimulate as much germinative energy as the
other two.
Since these treatments are similar to overwintering conditions,
their results could be expected to be more consistent under varied
conditions such as different seed sources, temperatures, and incubation
media.
The other two treatments that met the acceptance levels were the
12-hour soaking hydrogen peroxide treatments.

Their use, however, under

field conditions is highly unpredictable since there is little known at

-52the present as to how these treatments behave except under highly
Controlled conditions.
Even though the remaining treatments did not meet the acceptance
levels, they prompted considerably greater germination than did the
control method.

With both the thiourea and hydrogen peroxide treat

ments, the longer soaking periods resulted in greater seed stimulation.
Seed source variations
There is a considerable difference in the total germination of
the different sources.

This is shown in Table VIII, page 53*

cutting tests had indicated that this could be expected.

Earlier

Although

there are some deviations, what seemed to be a good treatment for one
seed source was generally good for the other sources.
Abnormal germination
Abnormal germination (Figure

page 54) accounted for consid

erably less than 1 percent of the total germination and consequently
was excluded from any of the analysis*

As with any other oddity in

nature, it is quite interesting, but in this case has very little bear
ing on the study results.

Table DC, page 55, shows the actual values

by treatment and source.
Post-mortem cutting tests
The post-mortem cutting test indicates that but few seeds appear
ing to be sound remained in the treatments having 42 percent or more
germination after the complete incubation period.

Comparing these

results with the other tests shows the following:
Average of the original cutting test - - - --- - - 51 percent

TABLE VIII
TOTAL GERMINATION PERCENT BY SOURCE AND TREATMENT
AFTER FORTY-TWO DAYS INCUBATION?

Treatments

Source
A

Source
B

Source
C

Source
D

Average percent
of all sources

1.

Control— no treatment.

40,2

9.3

20,3

25,6

23.85

2.

soak for 12 hours in a closed
container at room temperature.

67.5

42.8

25.3

29.9

41.38

3.

HgOp soak for 12 hours in an open
container at room temperature.

66.5

43.8

25.7

32.5

42.12

4*

HgOp soak for 6 hours in a closed
container at room temperature.

60.7

38.5

24.2

23.7

36.78

5-

Thiourea soak for 1 hour at room
temperature.

60.4

40.4

24.5

35.9

40.30

6.

Thiourea soak for 5 minutes at room
temperature.

58.4

33.6

24.1

32.5

37.15

7.

Steeping— soak in water for 18 days
at 330 F.

63.1

44.9

24.2

36.1

42.08

8.

Naked stratification— soak 24 hours
in water at room temperature, then
keep dry at 33^ F. for 46 days.

64.7

42.5

22.6

35.5

41.32

9.

Sand stratification— stratify in
moist sand at 33° F. for 46 days.

65.9

42.3

22,5

38.0

42.18

i
W

\JX

Figures used for treatments 8 and 9 are from 28 days of incubation.

I
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WESTERN LARCH NORMAL AND
ABNORMAL GERMINATES

TABLE IX
TOTAL ABNORMAL GERMINATES BY TREATMENT AND SOURCE

Source
A

Source
B

Source
C

Source
D

Totals

1. Control— no treatment.

0

0

0

0

0

2. H2O2 soak for 12 hours in a closed
container at room temperature.

1

2

0

0

3

Treatments

3.

H^OpSoak for 12 hours in an open
container at room temperature.

0

0

1

1

2

4.

^2^2

2

0

2

0

4

5.

Thiourea soak for 1 hour at room
temperature,

2

1

1

0

4

for 6 hours in a closed

6. Thiourea soak for 5 minutes at
room temperature.

I

vn
I

1

1

1

0

3

7.

Steeping— soak in water for IS days
at 33° F.

1

1

0

0

2

Ô,

Naked stratification— ^oak 24 hours
in water at rogm temperature, then
keep dry at 33 F, for 46 days.

1

0

0

1

2

9.

Sand stratification— stratify in
moist sand at 33° F. for 46 days.

2

2

0

0

4

10

7

5

2

24

Totals -

vn

-56Average actual germination of the best
treatments — — — — — — — — — — — — — — — — — — — 42 percent
Average of the post-mortem cutting test
plus the seeds actually germinated - - - - - - - 4 6

percent

The differences between these values can hardly be considered as
being of any real consequence.

Cutting tests invariably show a higher

percentage of sound seeds than do actually germinate.

This is to be

expected, since it is difficult to distinguish sound seeds with living
embryos from rancid seeds and seeds injured during handling.

Since the

post-mortem tests made of the ungerminated seeds are nothing but another
cutting test, results could be expected to be similar to the original
cutting test.
Distinguishing a sound seed from an unsound seed was not as
difficult in the post-mortem cutting test as it was with the original
cutting test.

The figures shown above seem to bear this out. The post

mortem cutting test indicated only 4 percent more than actually germi
nated with the best treatments, while the original cutting test indicated
9 percent more.

SUMMARY
In the spring of 1959, a laboratory seed germination experiment
using western larch seed was carried out.

The seeds from 4 separate

sources were subjected to 9 different treatments prior to incubation.
The seed treatments of:

steeping in cold water for 18 days, or

soaking in 3 percent hydrogen peroxide for 12 hours resulted in the
seeds reaching 9Ô percent or more of germinative capacity in a total
period of 28 days or less.

This total period includes both treatment

time and incubation time.
The seed treatments of: sand stratification, steeping, naked
stratification, and soaking in 3 percent hydrogen peroxide for 12 hours
resulted in the seeds reaching 98 percent or more of germinative capac
ity in an incubation period of 28 days or less.
The seed treatments of: soaking in thiourea for 1 hour, soaking
in hydrogen peroxide for 6 hours, soaking in thiourea for 5 minutes,
and the control of no treatment did not stimulate the seeds enough for
them to reach 98 percent of germinative capacity for the duration of
the test.

However, all but the control treatment did have considerable

stimulative effect.
The following conclusions can be drawn as a result of this study;
1.

Steeping the seeds in cold water for 18 days, or soaking the

seeds in 3 percent hydrogen peroxide for 12 hours are acceptable methods
for quickly determining the viability of a western larch seed lot.
-57-
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Sand stratification, steeping, and naked stratification of

western larch seed are the treatments most promising for field sowing
application; they should be further tested for this purpose.
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